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LENS-ATTACHED LIGHT-EMITTING ELEMENT 
AND METHOD FOR MANUFACTURING THE SAME 

TECHNICAL FIELD 
[0001] The present invention relates to a lens-attached light- 
emitting element, particularly to a lens-attached light-emitting element 
having an improved optical availability efficiency and a method for 
manufacturing the lens-attached light-emitting element. 

BACKGROUND ART 
[0002] An optical system of a writing head in an optical printer is 
usually designed so that an image of light spot of respective LEDs, 
(Light-Emitting Diode) constructing an LED array is focused on a 
photosensitive drum through a lens array. As a lens array, a 
distributed index rod lens array is often used. 

[0003] A typical construction of an LED array, a distributed index 
rod lens array, and a photosensitive drum used in a conventional 
optical printer is shown in FIG. 1. In the figure, the LED is 
designated by reference numeral 10, the rod lens array by reference 
numeral 12, and the photosensitive drum by reference numeral 14. 
[0004] An effective aperture angle 0 of the lens array 12 is in the 
range of 17°-20° as a half angle, whereas the LED 10 emits light 
principally in Lambertian distribution, so that an optical availability 
efficiency is extremely low. The only 3-5% of the light emitted in a 
Lambertian distribution from the LED is transmitted to the photo- 
sensitive dram 14 through the lens array 12. This means that only the 
95-97% of the light emitted by the LED is not utilized, resulting in a 
problem of a low optical availability efficiency. 

[0005] In order to increase the optical availability efficiency, it is 
conceivable that a micro lens array is provided directly on the light- 
emitting area of the LED to cause the directivity of the light ray from 
the LED narrower so as to increase the light ray impinging into an 
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aperture angle of the lens array. In general, the central part of the 
light-emitting area of the LED array used for an optical printer is 
covered by an electrode 20 extending into the light-emitting area 22, 
so that the shape of an effective light-emitting area 22 is approx- 
5 imately U-shaped as shown in FIG. 2. In order to cause the directivity 
of the light ray from the light-emitting area 22 narrower by means of a 
conventional micro lens array 18 as shown in FIG. 3, it is preferable 
that the light ray designated by a dotted-line 24 neighbored to an 
optical axis of the lens is utilized. However, the area neighbored to 
10 the optical axis corresponds to the position of the electrode 20, 

resulting in the problem such that the optical availability efficiency 
may not be fully increased. 

[0006] An LED array provided with a micro lens array has been 
disclosed in Japanese Patent Publication Nos. 9-109455, 2000-347317, 
15 and 2001-36144. However, these publications have not discussed 
such a problem and the shape of a micro lens. 

[0007] It is noted that the above-described problem is applied not 
only to an LED but also another light-emitting element. 

DISCLOSURE OF THE INVENTION 

20 [0008] An object of the present invention is to improve the optical 
availability efficiency of a light-emitting element array used for an 
optical printer in which the light-emitting area of the light-emitting 
element array is imaged on a photosensitive drum through a lens array. 
[0009] Another object of the present invention is to provide a lens- 

25 attached light-emitting element having an improved optical availability 
efficiency. 

[0010] A further object of the present invention is to provide a lens- 
attached light-emitting element array having an improved optical 
availability efficiency. 
30 [0011] A still further object of the present invention is to provide a 
method for manufacturing a lens-attached light-emitting element 
having an improved optical availability efficiency in a light-emitting 
element array used for an optical printer in which the light-emitting 
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area of the light-emitting element array is imaged on a photosensitive 
drum through a lens array. 

[0012] A lens-attached light-emitting element according to the 
present invention comprises a light-emitting element having a light- 
5 emitting area on a semiconductor substrate, an antireflection film 
covering the light-emitting area, and a lens formed on the surface of 
the antireflection film on the light-emitting element. 
[0013] The antireflection film is one-layer film, and the refractive 
index thereof has an intermediate value between that of the light- 
10 emitting area and that of the resin forming the lens. 

[0014] If the lens is made of resin having a comparatively large 
refractive index, the lens may be provided directly on the light- 
emitting area. 

[0015] The lens of the lens-attached light-emitting element 
15 according to the present invention is not a singular spherical lens but a 
composite lens consisting of combined plural spherical lens or a 
composite lens consisting of combined plural spherical lenses and 
cylindrical lenses. 

[0016] The design of such composite lens may be implemented in a 

20 following manner. 

(1) The lens is a composite lens consisting of adjacently arranged 
plural parts of spherical lens, each center of the spherical lenses being 
on the curved line or polygonal line imagined by fastening the 
positions where light intensity is maximum in the light-emission area, 

25 or on the positions neighbored to the line, a composite lens consisting 
of adjacently arranged plural parts of curved or polygonal cylindrical 
lens, each cylindrical having an axis along the line, or a composite 
lens consisting of adjacently arranged plural parts of spherical lens 
and plural parts of cylindrical lens. 

30 (2) In the case that the curved line or polygonal line imagined by 

fastening the positions where light intensity is maximum in the light- 
emission area of the light-emitting element has an approximate 
U-shape, plural parts of spherical lens are positioned on the both ends 
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of each of three segments of the U-shape or the neighborhood of the 
both ends, and plural parts of cylindrical lenses are arranged between 
the parts of spherical lens. The parts of spherical lens and parts of 
cylindrical lens are adjacently arranged to form the composite lens. 
5 Herein, "an approximate U-shape" of the curved line or polygonal line 
imagined by fastening the positions where light intensity is maximum 
in the light-emission area of the light-emitting element means that the 
line substantially has a U-shape in total. 

(3) In the case of a light-emitting element which is the same as that 
10 described in (2), the composite lens is composed of adjacently 

arranged three parts of spherical lens, each center of the spherical 
lenses being on the neighborhood of the intermediate position of each 
segment. 

[0017] Therefore, a lens-attached light-emitting element in 
15 accordance with the present invention comprises a light-emitting 

element having a light-emitting area, and a composite lens provided on 
the light-emitting element. 

[0018] The composite lens consists of adjacently arranged plural 
parts of spherical lens, each center of the spherical lenses being on the 

20 line imagined by fastening the positions where light intensity is 

maximum in the light-emission area, or on the positions neighbored to 
the line, a composite lens consisting of adjacently arranged plural 
parts of cylindrical lens each having an axis along the line, or a 
composite lens consisting of adjacently arranged plural parts of 

25 spherical lens and plural parts of cylindrical lens. 

[0019] In the case that the line imagined by fastening the positions 
where light intensity is maximum in the light-emission area of the 
light-emitting element is an approximately U-shaped polygonal line 
consisting of three segments, the composite lens is composed of four 

30 parts of spherical lens, each center of the spherical lenses being on the 
both ends of each segment or the neighborhood of the both ends, and 
three parts of cylindrical lens each having an axis parallel with the 
segment. 
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[0020] In the case that the line imagined by fastening the positions 
where light intensity is maximum in the light-emission area of the 
light-emitting element is an approximately U-shaped polygonal line 
consisting of three segments, the composite lens is composed of 
5 adjacently arranged three parts of spherical lens, each center of the 
spherical lenses being on the neighborhood of the intermediate 
position of each segment. 

[0021] A first aspect of a method for manufacturing a lens-attached 
light-emitting element in accordance with the present invention 
10 comprises the steps of: 

(a) preparing a light-emitting element array substrate; 

(b) preparing a glass substrate; 

(c) forming a etching stopper film on the glass substrate; 

(d) forming an opening array in the etching stopper film; 

15 (e) forming a recess array in the glass substrate under the opening 

array by wet etching; 

(f) fabricating a mold by removing the etching stopper film on the 
recess array; 

(g) coating a photo-curing resin on the surface of at least one of 
20 the recess array of the mold and the light-emitting element array 

substrate; 

(h) contacting the mold and the light-emitting element array 
substrate to each other with sandwiching the photo-curing resin 
therebetween and pressing to each other to develop the photo-curing 

25 resin therebetween; 

(i) irradiating light to the photo-curing resin from the side of the 
mold to cure the photo-curing resin at the portion where the etching 
stopper film is previously removed; 

(j) separating the mold from the light-emitting element array 
30 substrate; and 

(k) removing the uncured photo-curing resin on the light-emitting 
element array substrate by cleaning. 

[0022] A second aspect of a method for manufacturing a lens- 
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attached light-emitting element in accordance with the present 
invention comprises the steps of: 

(a) preparing a light-emitting element array substrate, the 
predetermined portion thereof being masked by a tape; 
5 (b) preparing a glass substrate; 

(c) forming a etching stopper film on the glass substrate; 

(d) forming an opening array in the etching stopper film; 

(e) forming a recess array in the glass substrate under the opening 
array by wet etching; 

10 (f) fabricating a mold by removing the etching stopper film on the 

recess array; 

(g) coating a photo-curing resin on the surface of at least one of 
the recess array of the mold and the light-emitting element array 
substrate; 

15 (h) contacting the mold and the light-emitting element array 

substrate to each other with sandwiching the photo-curing resin 
therebetween and pressing to each other to develop the photo-curing 
resin therebetween; 

(i) irradiating light to the photo-curing resin from the side of the 
20 mold to cure the photo-curing resin; 

(j) separating the mold from the light-emitting element array 
substrate; and 

(k) peeling off the tape from the light-emitting element array 
substrate to remove the uncured photo-curing resin on the tape. 
25 [0023] While the lens may be a spherical or aspherical lens, a 
composite lens according to the present invention is preferable 
depending on the shape of a light-emitting area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

30 FIG. 1 shows a typical construction of an LED array, a 

distributed index rod lens array, and a photosensitive drum used in a 
conventional optical printer. 

FIG. 2 shows a shape of a light-emitting area. 
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FIG. 3 shows a light ray to a photosensitive drum in the case 
that a conventional lens-attached LED array is used. 

FIG. 4 shows an embodiment of the lens-attached light- 
emitting element in accordance with the present invention. 
5 FIG. 5 shows a light ray to a photosensitive drum in the case 

that a lens-attached LED array in accordance with the present invention. 

FIG. 6 shows the distribution of amount of light of pixel 
image formed on the photosensitive drum through the rod lens array by 
utilizing the composite lens array. 
10 FIG. 7 shows another embodiment of the lens-attached light- 

emitting element in accordance with the present invention. 

FIG. 8 shows a cross-sectional view of an embodiment of a 
lens-attached light-emitting element provided with an antireflection 
film 

15 FIG. 9 shows an equivalent circuit of the self-scanning light- 

emitting element array. 

FIG. 10 shows a chip of the self-scanning light-emitting 
element array. 

FIG. 11 is an enlarged view of a part of the light-emitting 
20 thyristors provided with a composite lens array. 

FIG. 12 shows a side view of the light-emitting thyristor 
provided with the composite lens array in FIG. 11. 

FIG. 13 shows a process for manufacturing a lens-attached 
light-emitting thyristor array of the self-scanning light-emitting 
25 element array. 

FIG. 14 shows a plan view of the silica glass substrate 
provided with the Cr film in which an array of openings is patterned. 
FIG. 15 shows a condition where a wafer is cut. 
FIG. 16 shows a process for manufacturing a lens-attached 
30 light-emitting thyristor array of the self-scanning light-emitting 
element array. 

IG. 17 shows a light-emitting thyristor array chip on which 
an adhesive tape is adhered. 
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FIG. 18 shows a plan view of a silica glass substrate 
provided with the Cr film in which an opening array is patterned. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0025] An embodiment of a lens-attached light-emitting element in 
5 accordance with the present invention will now be described. 
[0026] EMBODIMENT 1 

In a lens-attached light-emitting element in accordance with 
the present invention, a composite lens 30 is provided on an 
approximately U-shaped light-emitting area 22 of an LED as shown in 
10 FIG. 4A. 

[0027] If the positions where light intensity is maximum in the 
approximately U-shaped light-emitting area 22 are fastened, then a 
U-shaped polygonal line 32 consisting of three segments is imagined. 
Four parts of spherical lens are arranged in such a manner that each 

15 center thereof is at the both ends or the neighborhood of the both ends 
of respective three segments of the polygonal line 32, and three parts 
of cylindrical lens are arranged between two parts of spherical lens, 
respectively, each cylindrical lens having an axis parallel with said 
each segment. These four parts of spherical lens and three partial 

20 cylindrical lens are neighbored together to constitute the composite 
lens 30. 

[0028] As the material for the composite lens, an epoxy resin or 
acrylic resin may be used. 

[0029] FIG. 4B shows a plan view and sectional views of the 
25 composite lens 30. In the figure, dots 33, 34, 35, 36 designate 
respective both ends of three segments 32a, 32b and 32c of the 
diagonal line 32 shown in FIG. 4A. The composite lens 30 comprises 
a part of a spherical lens 43, the center the spherical lens being 
coincident with the dot 33, a part of a spherical lens 44, the center of 
30 the spherical lens being coincident with the dot 34, a part of a 

spherical lens 45, the center of the spherical lens being coincident 
with the dot 35, and a part of a spherical lens 46, the center of the 
spherical lens being coincident with the dot 36. The composite lens 
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30 further comprises a part of a cylindrical lens 48, the axis of the 
cylindrical lens being parallel with the segment 32a, a part of a 
cylindrical lens 50, the axis of the cylindrical lens being parallel with 
the segment 32b, and a part of a cylindrical lens 52, the axis of the 
5 cylindrical lens being parallel with the segment 32c. These four 
parts of spherical lens and three parts of cylindrical lens are arranged 
as shown in FIG. 4B. In the figure, the sectional-views taken along 
X-X' and Y-Y* lines, respectively, are shown for easy understanding of 
the shape of the composite lens. 

10 [0030] In this manner, the composite lens 30 is a lens having a 
particular shape consisting of combined parts of spherical lens and 
parts of cylindrical lens provided on corresponding respective portions 
of the approximately U-shaped light-emitting area 22. 
[0031] By using such composite lens formed so as to correspond 

15 with the approximately U-shaped light-emitting area, the light ray may 
be refracted toward a light axis direction, i.e., toward a rod lens array 
in each portion of the approximately U-shaped light-emitting area. 
As a result, the directivity of the Lambertian emitted light may be 
narrowed as shown in FIG. 5. 

20 [0032] FIG. 6A shows the distribution of amount of light of pixel 

image formed on the photosensitive drum 14 through the rod lens array 
12 by utilizing the composite lens array 30 according to the present 
invention. It is appreciated that the lower amount of light in the 
central portion of the pixel was disappeared in comparison \yith the 

25 distribution of the amount of light in the central portion of the pixel in 
the case that a composite lens was not utilized, so that the preferable 
distribution could be obtained. When the amount of light was 
determined for this case, it was appreciated that 1.7 times brightness 
was realized in comparison with the case that a composite lens was not 

30 utilized. 

[0033] In accordance with the present embodiment described above, 
it was appreciated that the improvement of an optical availability 
efficiency was realized. 
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[0034] According to the present invention, a similar effect may be 
obtained in a composite lens such that three parts of spherical lens are 
provided on the approximately U-shaped light-emitting area 22 and are 
arranged like "a three-leaf clover" with each center of the spherical 
5 lenses being coincident with the corresponding portion of the area 22 
as shown in FIG. 7. 

[0035] This composite lens is designed in a following manner. 
When the positions where light intensity is maximum in the 
approximately U-shaped LED light-emission area are fastened, a 

10 U-shaped polygonal line 32 consisting of three segments is imagined. 
Three parts of spherical lens 63, 64 and 66 are adjacently arranged in 
such a manner that respective centers 53, 54 and 56 of the spherical 
lenses are positioned at the neighborhood of intermediate positions of 
respective three segments. 

15 [0036] In general, the refractive index of the light-emitting area 
made of a semiconductor material is in a range of 3.2-3.7, whilst the 
refractive index of GaAs semiconductor of LED especially used in an 
LED printer is in a range of 3.3-3.6. If the light emitted from the 
GaAs semiconductor is radiated directly to an air space, an optical 

20 availability efficiency is extremely decreased due to the reflection on 
the interface to air. Also, the refractive index of the resin used in the 
composite lens is generally small in comparison to that of a 
semiconductor material, so that a reflection is caused at the interface 
between the semiconductor and the resin. 

25 [0037] A resin lens is provided in order to increase an optical 

availability efficiency according to the present invention as described 
above. In spite of that, if an optical availability efficiency due to the 
reflection on the interface is decreased, the effect of the resin lens will 
be lost. Consequently, means for preventing the decrease of an 

30 optical availability effect is required considering the refractive index 
of the resin lens. For this purpose, an antireflection film is coated on 
the surface of a light-emitting area to decrease the reflection on the 
interface between the light-emitting area and the resin lens according 
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to the present invention. 

[0038] FIG. 8 is a cross-sectional view of an embodiment of a lens- 
attached light-emitting element provided with such an antireflection 
film. An LED comprises an n-AlGaAs layer 91 and an AlGaAs layer 
5 92 formed on a GaAs substrate 90, a p-electrode 93, and an n-electrode 
94. One layer of SiN film 95 having a refraction index in a range of 
1.8-2.1 is formed on the surface of the LED light-emitting area as an 
antireflection film, and a resin lens 96 is formed on the antireflection 
film. 

10 [0039] In the present embodiment, the refractive index of the 
AlGaAs light-emitting area is in a range of 3.5-3.6, the refractive 
index of the SiN film in a range of 1.8-2.1, and the refractive index of 
the resin lens in a range of 1.47-1.7. 

[0040] In the case that the AlGaAs light-emitting area is in a range 
15 of 3.5-3.6, the thickness of the SiN film is in a range of 96-99 nm (or 
470-490 nm) corresponding to the antireflection condition for the light 
wave length of 780 nm. The transmission factor of 93% or more was 
realized by providing the SiN film. When the amount of light was 
determined for this case, it was appreciated that 2.2 times brightness 
20 was realized in comparison with the case that a lens was not utilized. 
[0041] While an SiN film is used as an antireflection film in the 
embodiment described above, the present invention is not limited 
thereto. For example, a transparent material having a refractive index 
of an intermediate value between the refractive index of the light- 
25 emitting area and that of the resin lens may be used. Also, an 

antireflecting layer is not limited to one-layer film, but it may be 
multi-layer film. 

[0042] If a lens is made of a resin having a comparatively large 
refractive index, the reflection on the surface of semiconductor layer 
30 becomes small in comparison with the case that the light from the 

light-emitting area is radiated directly to an air space. Therefore, a 
lens may be formed directly on the light-emitting area without 
providing an antireflection film. 
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[0043] EMBODIMENT 2 

In the embodiment 1, the case that a light-emitting element 
array is an LED array has been described. 

[0044] In the present embodiment, "a self-scanning light-emitting 
5 element array" is used as a light-emitting element array. 

The improvement of an optical availability efficiency was appreciated 
as in the embodiment 1. 

[0045] The self-scanning light-emitting element array is configured 
such that a self-scanning function of light-emitting elements is 

10 implemented by utilizing a light-emitting thyristor of pnpn structure as 
a component of the light-emitting element array. Such self-scanning 
light-emitting element array has been disclosed in Japanese Patent 
Publication Nos. 1-238962, 2-14584, 2-92650, and 2-92651. Japanese 
Patent Publication No. 2-263668 has disclosed a self-scanning light- 

15 emitting element array having such a structure that a shift part 

including a transfer element array and a light-emitting part including a 
light-emitting element array are separated from each other. 
[0046] FIG. 9 shows an equivalent circuit of a separated type of 
self-scanning light-emitting element array. The shift part has transfer 

20 thyristors Ti, T2, T3 and the light-emitting part has write light- 
emitting thyristors Li, L 2 , L 3 The shift part uses a diode- 
connection. V G k is a power source (ordinarily 5 volts) and is 
connected through load resistors Rl to gate electrodes Gi, G2, G3 of 
the respective transfer thyristors. The gate electrodes Gi, G2, G 3 ■"• 

25 of the transfer thyristors are connected also to the gate electrodes of 
the write light-emitting thyristors. A start pulse qps is applied to the 
gate electrode of the transfer thyristor Ti, and transfer clock pulses cpl 
and qp2 are alternately applied to the anode electrodes of the transfer 
thyristor through the clockpulse lines 74 and 76, and a write signal qpi 

30 is applied to the anode electrodes of the write light-emitting thyristors 
through the signal line 78. 

[0047] FIG. 10 shows a chip 80 of such self-scanning light-emitting 
element array. Bonding pads 82 are provided on both ends of the chip, 
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and light-emitting areas (approximately U-shaped) 84 are arrayed in a 
straight line along the edge of the chip. It is noted that the transfer 
thyristor array is omitted in the figure. 

[0048] The present invention is applicable to the light-emitting 
5 thyristors of the self-scanning light-emitting element array. FIG. 11 
is an enlarged view of a part of the light-emitting thyristor array 
provided with a composite lens array. The enlarged portion 
corresponds to the area circled by the dotted-line in FIG. 10. FIG. 12 
show a side view of the light-emitting thyristor array provided with 

10 the composite lens array in FIG. 11. 

[0049] It will be apparent from FIGS. 11 and 12 that an array 
consisting of composite lenses 30 described in the embodiment 1 is 
formed on an array of light-emitting thyristors each thereof having an 
approximately U-shaped light-emitting area 84. 

15 [0050] A method for manufacturing the lens-attached light-emitting 
element array will now be described. 

[0051] One example of a method for forming lenses integrally to the 
self-scanning light-emitting element array used for an optical printer is 
explained. 

20 [0052] FIG. 13 shows a process for manufacturing a lens-attached 
light-emitting thyristor array of the self-scanning light-emitting 
element array. It is noted that composite lenses as shown in FIGS. 4A 
and 4B are formed. 

[0053] First, a Cr film 102 is coated on a silica glass substrate 100 
25 as shown at a step (A) in FIG. 13, and then an array of openings 104 

are opened in the Cr film by a lithography method. The array pitch of 
the openings 104 is selected to be 42.3 ^im corresponding to the 
resolution, 600 DPI (Dot per Inch), of the printer. 

[0054] FIG. 14 is a plan view of the silica glass substrate provided 
30 with the Cr film in which an array of openings is patterned. The shape 
of each opening 104 is approximate U-shape as shown in the figure, 
the width thereof being approximately 2 \im and the length of one 
segment being 16 \xm. The position of the opening is substantially 
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coincident with the position where the amount of light is maximum on 
the approximately U-shaped light-emitting area of the light-emitting 
thyristor. In the case of general spherical lens, it will be understood 
that an opening is a simple small circular opening (the diameter 
5 thereof is in a range of 1-5 fim). 

[0055] Next, the silica glass substrate 100 provided with the Cr film 
is wet etched using hydrofluoric acid to form a recess 106 as shown at 
a step (B) in FIG. 13. The shape of the recess corresponds to that of 
the composite lens composed of the adjacently arranged spherical 

10 lenses and cylindrical lenses as shown in FIGS. 4A and 4B. 

[0056] In FIG. 14, the ends and corners of the U-shaped opening 104 
are now designated by alphabetical letters a, b, c, and d. 
[0057] The glass substrate is isotropically etched by hydrofluoric 
acid. Therefore, the etching proceeds in a hemispherical manner from 

15 the ends a and d, and the corners b and c. Also, the etching proceeds 
in a cylindrical manner from the portion between the end a and the 
corner b, the portion between the corner b and the corner c, and the 
portion between the corner c and the end d. Therefore, the recess 
shape corresponding to the shape of the composite lens shown in 

20 FIGS. 4A and 4B is formed. 

[0058] Next, the Cr film 102 floated by the etching process is 
pasted by an adhesive film (not shown), is broken by pushing an 
elastic substrate to the Cr film, and the adhesive film is peeled off to 
remove the Cr film in the etching area. The step (C) in FIG. 13 shows 

25 the condition after removing the Cr film. The glass substrate thus 
formed is used as a stamper (i.e., a mold) 108 in the following steps. 
[0059] After coating a mold releasing agent on the surface of the 
stamper 108, a photo (ultra violet) - curing resin 110 is dropped and 
coated by a dispenser without foaming as shown at the step (D) in 

30 FIG. 13. A resin having characteristics listed below is used. 
Cure shrinkage ratio : 6% or less 

Viscosity : 100 - 2000 cp (25°C) 

Cured hardness : H - 5H 



04484 (14/28) 



- 15 - 



Bond strength : 5 kg/mm(|) or more 

Either a epoxy resin or acrylic resin may be used as the photo-curing 
resin. It is noted that a heat-curing resin requiring a heating is not 
desirable because a resin is cured on a semiconductor device. 
5 [0060] Next, a light-emitting element array wafer 112 on which the 
light-emitting thyristors are formed is put on the resin 110 as shown at 
the step (E) in FIG. 13. A number of self-scanning light-emitting 
element array chips have been formed on the wafer 112. Bonding 
pads 82 have been formed on the both ends of the chip, and the light- 

10 emitting areas (approximately U-shaped) 84 have been arrayed in a 

straight line along the chip edge. Since the composite lens has to be 
formed so as to be aligned to the shape of the light-emitting area of 
the thyristor, the wafer 112 is required to be aligned precisely against 
the stamper 108. For this purpose, the alignment marks are provided 

15 to the wafer 112 and stamper 108, respectively, and they are aligned to 
each other by using the marks. At this time, the residual Cr film 102 
is caused to be opposed to the bonding pad 82 of the chip. 
[0061] After the wafer 112 is contacted to the photo-curing resin 
110, the wafer 112 is pressed to develop the resin 110. The distance 

20 between the surface of the thyristor and the upper surface of the lens is 
optimized by selecting the amount of coated resin, the magnitude of 
pressure, and the time of pressure. 

[0062] In order to cure the resin 110, the ultra violet 114 having the 
wave length of 300 - 400 nm and the energy of 14000 nJ/cm 2 is 

25 irradiated through the stamper 108. While the optimal value of the 

energy of the ultra violet depends on the resin to be used, the order of 
magnitude of 5000 - 20000 mJ/cm 2 is a typical value. 
[0063] The ultra violet outputted from the end of a fiber bundle is 
collimated by a silica lens to form approximately collimated light, and 

30 the collimated light is irradiated approximately perpendicular to the 
bottom surface of the stamper 108. 

[0064] After releasing the stamper as shown at the step (F) in 
FIG. 13, the uncured resin (The portion other than the lens area is 
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covered by the Cr film, so that the resin covered by the film is not 
exposed by the ultra violet and then is not cured.) is removed by 
cleaning with solvent. The resulting structure is shown at the step 
(F) in FIG. 13. It is appreciated that the composite lens 30 is formed 
5 on the light-emitting area 84 and the bonding pad 82 is exposed. 
[0065] The wafer 120 thus formed is cut as shown in FIG. 15 to 
fabricate a self-scanning light-emitting element array chip 122 shown 
in FIG. 12, the chip including a composite lens array in which parts of 
spherical lens and parts of cylindrical lens are combined. 

10 [0066] While the resin is dropped and coated on the stamper, the 
resin may be coated on the light-emitting element array wafer. 
Alternatively, the resin may be coated on both the stamper and light- 
emitting element array wafer. A method in which the resin may be 
uniformly coated with including less foams should be selected 

15 considering the wettability of the glass substrate and semiconductor 
substrate on the basis of the characteristic of a resin. While ultra 
violet is used in the example described above, visible light may also 
be utilized. In this case, a resin to be cured by visible light is used. 
[0067] Next, another example of a method for forming lenses 

20 integrally to the self-scanning light-emitting element array used for an 
optical printer is explained. 

[0068] FIG. 16 shows a process for manufacturing a lens-attached 
light-emitting thyristor array of the self-scanning light-emitting 
element array. It is noted that the composite lenses as shown in FIGS. 
25 4A and 4B are formed. In FIG. 16, the same reference numeral is 
used for the same element in FIG. 13. 

[0069] First, a Cr film 102 is coated on a silica glass substrate 100 
as shown at the step (A) in FIG. 16, and then an array of openings 104 
are opened in the Cr film by a lithography method. FIG. 14 is a plan 
30 view of the silica glass substrate provided with the Cr film in which an 
array of openings is patterned. 

[0070] Next, the silica glass substrate 100 provided with the Cr film 
is wet etched using hydrofluoric acid to form a recess 106 as shown at 
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the step (B) in FIG. 16. The shape of the recess corresponds to that 
of the composite lens composed of the adjacently arranged spherical 
lenses and cylindrical lenses as shown in FIGS. 4A and 4B. 
[0071] Next, all of the Cr film 102 is removed, the condition thereof 
5 being shown at the step (C) in FIG. 16. The glass substrate thus 

formed is used as a stamper (i.e., a mold) 108 in the following steps. 
The size of the recess 106 may be enlarged by implementing an 
etching process again after removing the Cr film. 

[0072] On the other hand, a line-shaped mask is formed by a resin 
10 adhesive tape 132 with respect to the area including a bonding pad 82 
on the surface of the light-emitting thyristor array wafer 112. While 
a line-shaped mask is formed by the adhesive tape 132 on the bonding 
pad portion, a mask may also be formed by an adhesive tape with 
respect to the portion where a resin is not required such as the portion 
15 where a conductor is to be exposed, the line-shaped portion along 
which the chips are cut and isolated, and the like. The end of the 
adhesive tape 132 is required to be outside the resin layer in order to 
peel off the adhesive tape. 

[0073] In order to paste the adhesive tapes precisely to a plurality 
20 of predetermined area, the following means may be utilized. First, a 
silica glass substrate is prepared, and a masking pattern is drew 
thereon by a printing or marking, or a marker for alignment to the 
wafer is printed or marked thereon. As the adhesive tape, a both-side 
adhesive tape may be used. The adhesion on one side thereof is a 
25 type of one which loose its adhesiveness by ultra violet irradiated. 

The both-side adhesive tape is pasted to the glass substrate in such a 
manner that said one side is faced to the glass substrate. After that, 
the both-side adhesive tape is cut out along the masking pattern to 
remove unnecessary portions not to be used as a mask. 
30 [0074] The glass substrate is aligned to the light-emitting thyristor 
array wafer, and is adhered to the surface of the wafer utilizing its 
adhesive strength of the tape. Next, ultra violet is irradiated from the 
glass substrate to loose the adhesiveness on said one side of the both- 
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side adhesive tape, as a result the glass substrate may be removed. 
[0075] FIG. 17 shows a light-emitting thyristor array wafer 112 on 
which the adhesive tape 132 is adhered. The adhesive tape masks the 
portion including the bonding pads 82. 
5 [0076] After coating the ultra violet-curing resin 110 to the light- 
emitting thyristor array wafer 112 provided with this mask, the 
stamper 130 on the surface thereof a mold releasing agent is coated is 
pressed to the wafer as shown at the step (E) in FIG. 16 to develop the 
resin, and the resin is cured by irradiating the ultra violet 114 from the 

10 stamper side. 

[0077] Finally, after removing the stamper 130 as shown at the step 
(F) in FIG. 16, the adhesive tape 132 provided on the light-emitting 
thyristor wafer 112 is peeled off together with the cured resin thereon. 
As a result, a lens array may be structured at a predetermined position, 

15 and the resin on the bonding pad 82 may be removed as shown at the 
step (G) in FIG. 16. 

[0078] The bonding pad 82 after removing the adhesive tape 132 
maintains its conductivity, and there is no uncured resin on the 
bonding pad. Therefore, cleaning is not required for removing the 

20 residual resin. The distance between the surface of the light-emitting 
thyristor and the upper surface of the lens is optimized by selecting 
the amount of coated resin, the magnitude of pressure, the time of 
pressure, and the thickness of the adhesive tape. 
[0079] In the two embodiment according to the manufacturing 

25 method, the lens arrays in which there is no antireflection film at the 
interface between the light-emitting area and the resin lens have been 
described. In the case that an antireflection film is provided, the step 
for fabricating the light-emitting thyristor includes the step for 
forming the antireflection film. 

30 [0080] In the method for manufacturing the lens-attached light- 
emitting thyristor array described above, the composite lens shown in 
FIGS. 4A and 4B was fabricated. In the case that the composite lens 
shown in FIG. 7 is fabricated, a silica glass substrate 124 provided 
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with a Cr film in which an opening array is patterned as shown in 
FIG. 18 is used at the steps shown in FIG. 16. The openings 126 each 
consists of three micro circular openings 126a, 126b and 126c which 
are located at the vertexes of a triangle, and are arrayed at an equal 
pitch. The positions of the micro circular openings to the dots 53, 54 
and 56 shown in FIG. 7. 

[0081] The silica glass substrate having such openings and provided 
with the Cr film is etched by hydrofluoric acid. The etching proceeds 
isotropically, i.e., in a hemispherical manner from respective micro 
circular openings to form recesses, the shape thereof corresponding to 
the shape of the composite lens. 

[0082] It is easily understood that a composite lens-attached self- 
scanning light-emitting array chip may be manufactured by fabricating 
a stamper in a manner described above and repeating the same steps. 

INDUSTRIAL APPLICABILITY 
[0083] According to the lens-attached light-emitting element 
according to the present invention, an optical availability efficiency 
for the light emitted in Lambertian distribution may be increased by 
causing a lens to be a composite lens. According to the 
manufacturing method, a composite lens-attached light-emitting 
element array may be manufactured. Using such a composite lens- 
attached light-emitting element array, the light ray may be effectively 
conducted to the rod lenses to increase substantially an optical 
availability efficiency. 
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